Newborn screening for cystic fibrosis (CF) offers the opportunity for early medical and nutritional intervention that can lead to improved outcomes. Management of the asymptomatic infant diagnosed with CF through newborn screening, prenatal diagnosis, or sibling screening is different from treatment of the symptomatically diagnosed individual. The focus of management is on maintaining health by preventing nutritional and respiratory complications. The CF Foundation convened a committee to develop recommendations based on a systematic review of the evidence and expert opinion. These guidelines encompass monitoring and treatment recommendations for infants diagnosed with CF and are intended to help guide families, primary care providers, and specialty care centers in the care of infants with CF. (J Pediatr 2009;155:S73-93).
Guidelines for the Care of Newly Diagnosed Infants with CF These guidelines are intended to be used by families, primary care providers, and care centers. Even though a framework has been developed to standardize optimal care, it is expected that care will be individualized to the needs of patients and families. Although the guidelines were developed in response to the expansion of NBS programs in the United States, they also apply to infants diagnosed prenatally or due to a family history. Infants diagnosed with CF due to meconium ileus at birth or due to a symptomatic presentation should be treated in a similar manner once their acute medical needs are addressed. Infants diagnosed with CF through NBS are often labeled ''pre-symptomatic,'' ''asymptomatic,'' or ''subclinically affected.'' However, many have clinical manifestations by 1 month of age. 3 Most infants diagnosed through CF NBS are at risk for some complication of the disease including hypoelectrolytemia, pancreatic insufficiency (PI), and lung disease. 4 Diagnostic and treatment recommendations are listed at the end of each section and are summarized in Table I .
Initial Visit
Infants diagnosed with CF through NBS often appear to be totally healthy to the parents, and the diagnosis probably will be unexpected. Thus, the psychosocial impact of the diagnosis of CF on the family must be carefully addressed at the initial visit. Infants diagnosed with CF through NBS should be treated at an accredited CF care center, with the goal of an initial visit within 24 to 72 hours of diagnosis (1 to 3 working days in the absence of overt symptoms). At the initial visit to the care center, there should be adequate time for the family to receive comprehensive education regarding CF care. The duration of the visit may need to be as long as 2 hours of direct face-to-face time between the care team and family; however, the length of the visit and the amount of the information addressed needs to be customized to each family. The most important issues to be discussed (based on expert opinion) are listed in Table II .
Disbelief, anger, or anxiety about the new diagnosis may be present and retention of information may be a challenge. 5 Families should be encouraged to invite extended family members and other support persons to attend the initial visit to assist in listening to and remembering information, as well as to provide emotional support. Giving basic information in the clearest of terms and conveying the information in a sensitive, empathetic, and positive manner are key components of the visit. 6 Information should be provided in varied formats (eg, verbal, written and audiovisual) and be reviewed at subsequent visits. Introduction of other CF clinicians, namely the nurse, registered dietitian, respiratory therapist, and social worker, should occur at 1 of the first 2 visits. This allows for the key components of nutrition and airway clearance to be taught and reinforced, as well as for the development of relationships with team members. A genetic counselor should meet with the family at the initial visit or at another time in the first 2 months after diagnosis to discuss in greater depth how mutations in the CF transmembrane conductance regulator (CFTR) gene cause CF and the implications for other family members. The pivotal role that both the parents and primary care provider (PCP) play as part of the CF team should be emphasized at the early visits. The positive outlook for newly diagnosed infants should be reinforced and a sense of hope instilled. Last, information describing how to contact the CF center if questions or concerns arise before the next visit should be shared with the family.
Recommendation #1 is in Table I .
Coordination of Care with Primary Care Providers
A collaborative care model should be the goal, with regular and open tri-lateral communication among the family, the PCP and the CF Center. Families will be making numerous visits to their PCP and CF Center during the first 2 years of life: standard pediatric visits are at age 1 to 2 weeks and at 2, 4, 6, 9, and 12 months in the first year of life; CF Center visits should be once monthly during the first 6 months, and every 1 to 2 months in the second 6 months of life (Table III) . These visits should complement each other, in that the expertise provided at primary and tertiary care sites differ. A written form to delineate appropriate contacts for parents as problems and questions arise can facilitate efficient communication and care ( Figure 1 ). Insurers need to recognize that despite frequent visits early in life, the cost of care of infants diagnosed with CF through NBS is lower than for those diagnosed following the onset of symptoms. 7 Communication between the PCP and CF Center is critical to ensure that parents do not get conflicting messages, especially since many CF care goals are different than those of standard pediatric care (eg, an emphasis on the need for the child with CF to be slightly chubby versus concerns about obesity in the general population). Care providers should convey to each other concerns about issues such as but not limited to poor weight gain, cough or wheezing, change of medications or treatments, lack of adherence to the prescribed regimen, difficulties in administering prescribed medicines or treatments, worrisome infections in other family members, and immunization status. In addition, critical events such as admission to the hospital or change in medications should be documented in the medical record and shared. The most important issues for PCPs to know about CF at present (based on expert opinion) are outlined in Table IV .
Beyond the Initial Diagnosis
After diagnosis, the goals are to maintain normal growth and development and to delay the onset of pulmonary disease. Recommendations for monitoring and treating infants diagnosed with CF through NBS were developed with these goals in mind (Tables I and III) .
Rationale for Early Nutritional Treatment. The goal of nutritional treatment of infants diagnosed with CF in the newborn period is normal growth. Special attention to growth and nutrition early in the first year of life is essential THE JOURNAL OF PEDIATRICS www.jpeds.com Vol. 155 , No. 6, Suppl. 4 because it is a time of extraordinary metabolic need; healthy infants double their birth weight by 4 months of age and triple it by 1 year. The CF Foundation recommends that children reach a weight-for-length status of the 50th percentile by 2 years of age, 8 though achieving this goal earlier in infancy is likely to be beneficial. Data from the CF Foundation Patient Registry indicate that higher body mass index (BMI) percentiles at 2 years of age are strongly associated with better pulmonary function later in childhood ( Figure 2 ). Epidemiologic data suggest that improving the nutritional status of young children is associated with better pulmonary outcomes. 9 Infants diagnosed by CF NBS may appear healthy but can be malnourished. 3, 10, 11 Infants who do not achieve expected gains in weight and length, or those who are less than the 25th percentile on the National Center for Health Statistics/Centers for Disease Control 2000 growth chart for weight-for-length, are at nutritional risk and should be followed very closely, with appropriate evaluations and interventions made (Figure 3 12 PI is present at birth in 60% of infants diagnosed with CF through NBS and approximately 90% of infants have PI at 1 year of age. 13 We found 9 studies that addressed the use of several different objective measures of pancreatic function phenotype in infants. [14] [15] [16] [17] [18] [19] [20] [21] [22] No test was demonstrated to be better than another, though some are not useful in infants or are no longer commercially available. One study compared fecal fat content, expressed as coefficient of fat absorption (CFA), and found it to be as useful as the reference standard pancreatic stimulation test in infants diagnosed with CF through NBS. 15 Of note, all infants have physiologic fat malabsorption early in life; a CFA $85% is normal for infants under 6 months of age, whereas the normal value for patients above this age is $93%. The fecal elastase (FE) assay is highly predictive of PI 23 ; healthy infants, even if premature, demonstrate FE levels within the normal adult range by two weeks of Explain that incorrect and outdated information about CF is common (e.g. from friends and family, in books, and on the web) Give the family hope B Life expectancy has been steadily increasing B Many new treatments are actively being studied -These are likely to be of direct benefit to your child in his or her life -This is why prevention is especially important now -This is why we need to follow this child in our clinic; consider giving the family a copy of the Monitoring and Care Recommendations (see Table III ) Describe how to contact the CF care center with questions or concerns; schedule the next visit before the family leaves age. 24, 25 A study showed that a group of infants diagnosed with CF through NBS, who had 2 CFTR mutations associated with PI, demonstrated low FE and measurable steatorrhea at 1 year of age, though values fluctuated in some patients before that time.
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14 Recommendation # 2 is in Table I .
Pancreatic Enzyme Replacement Therapy (PERT).
There is a strong association of pancreatic phenotype and genotype. 26 PERT should be started if the patient is known to have 2 CFTR mutations associated with PI or objective evidence of PI. PERT should not be started in infants with a CFTR mutation known to be associated with the PS phenotype (Table V) , unless there are unequivocal signs or symptoms of malabsorption; an objective measure of pancreatic function should be obtained to corroborate the clinical impression. Pancreatic insufficiency is not present in all infants at the time of diagnosis through NBS but evolves during infancy. 13, 14 Fecal elastase is easy to repeat and may need to be checked more than once during the first year of life, especially if infants develop gastrointestinal symptoms or have inadequate weight gain. Table III . Routine monitoring and care recommendations for the infant diagnosed with CF CF, cystic fibrosis; PERT, pancreatic enzyme replacement therapy; PCP, primary care provider; X, do at this visit; C, consider doing at this visit. *In some circumstances, care may be shared with PCP; infants growing poorly may need to be seen more often; some stable infants can be seen every 6 weeks. 1 Start PERT if patient has symptoms, fecal elastase <200 mg/g, coefficient of fat absorption <85%, or 2 CFTR mutations associated with PI. 2 Many centers include oximetry; pulse oximetry should be performed in infants with acute respiratory symptoms. 3 Routine immunizations should be given by the primary care provider; Palivizumab may be given in appropriate season (see text); influenza vaccine should be given in the appropriate season after 6 months of age. 4 Recheck a measure of pancreatic phenotype, such as fecal elastase, if PS pts have weight loss or GI symptoms. 5 Respiratory cultures may be performed more frequently if patient has symptoms. 6 Vitamin levels are optimally checked 1 to 2 months after starting supplements; ensure that fluoride intake is adequate or is supplemented. 7 BUN, blood urea nitrogen; AST, alanine aminotransferase; ALT, aspartate aminotransferase; GGT, gamma-glutamyl transferase; bili, bilirubin; ALP, alkaline phosphatase. Who to call and where to go to care for your infant with CF. Infants with CF need basic medical care as well as CF care. Your primary care provider will take care of some of your child's health needs; the CF team will provide care specifically related to CF. Sometimes you will make a phone call with questions and other times you will need to bring your baby in to be seen. After you and your CF care team fill out this checklist, they will share it with your primary care provider so that everyone knows the care plan.
Table IV. CF-Specific Issues for Primary Care Providers
Infants with CF need supplemental salt and older children with CF should be taught to salt their food The goal for infants with CF is to be at or above the 50 th percentile weight-for-length (''slightly chubby'') B We encourage a high-fat diet, including use of whole milk B Inform the CF Center if there is any lack of weight gain or weight loss Early symptoms can be subtle; call the CF Center for any pulmonary or GI symptoms such as: B Cough or wheezing -Antibiotics are used with a lower threshold in patients with CF and for a longer period of time than in other children B Loose stools or abdominal pain Life expectancy is steadily increasing, but this depends on daily preventive care B Convey hope: we expect these infants to lead full adult lives B Inquire about adherence to the prescribed CF regimen at each primary care visit B Reinforce limit-setting (especially important in children who require daily treatments but may be perceived as vulnerable) The diagnosis creates psychosocial challenges B We strongly discourage children with CF from person-to-person interactions with others with CF to prevent cross-infection B CF places the entire family under stress -Ask how unaffected siblings feel about CF -Share insights on family functioning with CF Center team
Patients with laboratory evidence of PI should be started on PERT even in the absence of signs or symptoms of fat malabsorption. We did not find any studies that assessed the benefit of starting PERT immediately versus waiting for the appearance of symptoms; however, the dangers of nutritional deficiency and the negative long-term behavioral consequences of the potential association of feedings with abdominal pain argue strongly in favor of proactive treatment. We found 2 studies that confirmed that PERT reduces fat malabsorption in infants (one used CFA 27 and one used C 13 breath tests 28 as the outcome measure; both used a before-after design). PERT should be given with breast milk and formulas, including elemental and medium chain triglyceride (MCT)-containing formulas and all foods. 27, 29 To date, no studies have been performed in infants to determine the optimal dose of PERT. 8 Until reliable data are available, dosing based on the historic recommendations must suffice: start PERT at a dose of 2000 to 5000 lipase units for each feeding (usually described as 120 mL; although newborn infants initially may consume less than 120 mL per feeding, PERT should still be initiated). As the infant grows and the volume of intake increases, adjust the dose to no greater than 2500 lipase units per kilogram per feeding with a maximum daily dose of 10 000 lipase units per kg per day. 30 Review of CF Foundation Patient Registry data shows that average enzyme dose may be inappropriately at the low end of the weight-based dosing range early in life ( Figure 4) . Enzyme dose and rate of weight gain in relation to caloric intake should be evaluated at each visit since the per kilogram dose of PERT and the volume of intake will rapidly increase in the first few months of life. Doses should not be increased beyond the upper limit of the recommended range because children are at risk of developing fibrosing colonopathy [31] [32] [33] and infants may be at even higher risk because of their more permeable gut. Families should be instructed not to adjust the PERT dose on their own, but always in consultation with the CF care center team. The use of generic or proprietary PERT was also considered. We identified one case report that described a therapeutic failure in an infant when generic PERT was used. 34 As per the recent CF Foundation Evidence-Based Practice Recommendations for Nutrition, 8 generic PERT should not be used. The care team should remain vigilant that a generic product has not been substituted for a prescribed proprietary product.
Recommendations # 3 through 6 are in Table I .
Types of Feedings. The basic principles of infant feeding for healthy term babies apply to feeding infants with CF. Well-designed clinical trials are not available that define which type of milk feeding (human or formula) or what type of diet should be recommended for the infant and toddler with CF. The advantages of human milk feeding and potentially beneficial constituents of human milk for healthy infants are widely recognized. Nutritional guidelines published by the CF Foundation, 35 the European Consensus on Nutrition in Patients with CF, 36 and the United Kingdom CF Trust 37 recommend human milk feeding. A prospective cohort study found no difference in weight or length between exclusively human milk-fed infants with CF and those who were exclusively formula fed. 38 Three retrospective studies provided evidence for the benefit of human milk compared with formula feeding in infants with CF. 13, 39, 40 One identified lower digestible protein intake in human milk-fed infants, but there was no difference in anthropometric measures, blood urea nitrogen, or serum albumin when compared with formula-fed infants at 7 weeks. 13 Another study found that human milk-fed infants had higher weight and height z-scores than those who were formula fed. 40 Two cohort studies (one prospective and one retrospective) suggested that human milk provides pulmonary or other medical benefits to patients with CF. 38, 41 There is limited evidence to address whether formula-fed babies with CF and PI should consume standard infant formula or a hydrolyzed protein formula containing MCT oil. In a recent, randomized prospective study, standard formula was compared against a hydrolyzed formula to assess the nutritional benefits, absorption, and tolerance of feedings. 42 This study concluded that use of a hydrolyzed formula for infants with CF and PI did not provide additional nutritional or other health benefits when compared with standard infant formula. Conflicting results were reached in 2 older studies. One nonrandomized study demonstrated significantly improved anthropometric measures in infants fed the hydrolysate, 43 and another showed a significant improvement in fat and nitrogen absorption when fed a semielemental diet without PERT. 44 We conclude that if the infant is fed formula, standard infant formulas (as opposed to hydrolyzed protein formulas) should be used.
Infancy is a time of high metabolic demand. Patients with CF are encouraged to eat a high-calorie diet throughout their lives. No data are available to guide us in the proactive use of fortified human milk, high-calorie formulas, or high-calorie complementary foods (solids) in infants and toddlers who are growing well. Nevertheless, fortified human milk, calorie-dense formulas, or complementary foods should be used if weight loss or inadequate weight gain is identified (Figure 3 ). For children with growth deficits, the CF Foundation recommends the use of enteral supplements in addition to usual dietary intake to improve the rate of weight gain 8 ; the concept of enteral feedings should be introduced early as a component of CF care (Figure 3) . Complementary foods should be added to the diet as recommended by the American Academy of Pediatrics (AAP). 45 The CF Center dietitian should guide parents toward foods that will enhance weight gain. Meat, a good source of iron and zinc, may be recommended as a first food for infants consuming human milk. 45 The CF care team should ensure that families in need have access to adequate food for breast-feeding mothers, formula for infants, and food for toddlers. Referrals should be made to appropriate community-based resources such as The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) and Food Stamp programs as needed.
Recommendations # 7 through 9 are in Table I .
Behavioral Feeding Issues. One of the benefits to newborn screening is the ability to start working with families during infancy to prevent the behavioral feeding problems commonly reported for preschool [46] [47] [48] [49] and school-age children 50,51 with CF. As is true for all children, the most beneficial breast or bottle feeding environment is one that has limited noise, light, and other distractions. It is also important for infants to be held during all feedings to allow for adequate supervision and opportunity for crucial parentchild bonding. Poor early bonding may be associated with decreased health status later in childhood. 52 Between the ages of 4 and 6 months, solid foods are gradually introduced and self-feeding skills subsequently develop. One challenge to introducing new foods into a child's diet is neophobia, or reluctance to try new foods (eg, spitting food out, turning head, and becoming upset). Although neophobia is a typical developmental process for all children, parents of infants and toddlers with CF report higher rates of children's unwillingness to try new foods, having a poor appetite, and preferring to drink rather than eat. 49 To manage neophobia, new foods should be presented up to 10 to 12 times before determining that a child does not like them. 53 It is common, however, for parents of young children to present a food only 3 to 5 times, 54 which is not adequate for children to eventually accept it. Because parental attention is a particularly motivating factor during infancy and toddlerhood, parents should be encouraged to consistently and specifically compliment appropriate eating behaviors (eg, trying a new food, taking a bite, and eating independently), and to pay minimal attention to behavior not compatible with eating (ie, refusing food). The CF care team should provide written educational materials to families about positive feeding interactions (Table III) .
Infants and toddlers with CF have longer mealtimes than their peers without CF, yet still do not meet the CF Foundation's dietary recommendations for increased energy intake. 49 As the duration of mealtimes increases, difficult behaviors also occur more frequently. 55 One strategy to address behavior problems is to limit mealtimes to 15 minutes for toddlers and use snack times as mini-meals. One before-after study of 4 children with CF ages 10 to 42 months showed improvements in caloric intake after parents used a structured behavioral program. 56 Monitoring food and energy intake is key to assisting parents in meeting the CF Foundation's dietary recommendations. In fact, when parents were provided with information about the Dietary Reference Intake (DRI) and the above behavioral strategies, their toddlers with CF aged 18 to 48 months attained the CF Foundation's energy recommendation of 120% of the DRI and had greater than expected weight and height gains up to 12 months after treatment. Recommendations # 10 and 11 are in Table I .
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Micronutrients
Fat-Soluble Vitamins. Symptomatic vitamin A 60 and vitamin E deficiency 61 has been reported in patients with CF. Many newly diagnosed infants have low levels of one or more fat-soluble vitamins. 10, 62 Some groups of infants are at higher risk of having low vitamin levels, such as those who are homozygous for F508del (also known as DF508) and those with hypoalbuminemia or elevated alkaline phosphatase at the time of diagnosis. 10 Low levels of vitamin E are associated with decreased cognitive performance. 63 Because of the prevalence of fat-soluble vitamin deficiency and the resulting clinical impact, blood levels of these vitamins should be measured regularly (Table III) and all infants with CF should receive standard, age-appropriate non-fat-soluble vitamins and vitamins A, D, E, and K as recommended in the CF Foundation Consensus Report on Nutrition for Pediatric Patients (Table VI) . 35 Most patients who are vitamin deficient can be treated adequately with the doses of fat-soluble vitamins recommended in the CF Foundation Consensus Report on Nutrition for Pediatric Patients. 35, 63 Low levels of Vitamin K are seen in patients with CF not taking appropriate vitamin supplementation. 64 Currently available vitamin preparations designed for patients with CF contain more vitamin K than in the past. Prothrombin time is prolonged in severe vitamin K deficiency but the test requires a large amount of blood. PIVKA (Proteins Induced in Vitamin K Absence) is more sensitive, but beyond the immediate neonatal period, standard values for healthy infants in the first 2 years of life are not available (Peter Durie, personal communication). If PIVKA laboratory reference standards or a laboratory test that is practical become available, vitamin K status should be measured. Prothrombin time should be measured in infants with liver disease.
Recommendations # 12 and 13 are in Table I. Zinc. Infants diagnosed with CF through NBS who are not treated with pancreatic enzyme supplements have excessive fecal losses of zinc that correlate with fecal fat losses 65 and fractional absorption of zinc improves when PERT is given. 66 However, we did not find any primary studies that addressed zinc supplementation in infants with CF. Plasma zinc level is an inadequate measure of zinc sufficiency; therefore the CF Foundation Consensus Report on Nutrition for Pediatric Patients recommended that zinc levels should not be measured and that a trial of zinc supplementation (1 mg elemental zinc/kg/day in divided doses for 6 months) may be given to patients who are not adequately growing despite adequate calorie intake and pancreatic enzyme replacement therapy. 35 Recommendation #14 is in Table I. Sodium. Infants with CF lose large amounts of sodium in their sweat. 67 Although human milk and infant formulas provide adequate sodium for full-term non-CF infants, they may not meet the needs of infants who have CF. Baby foods contain no added salt, making the older infant vulnerable to inadequate sodium intake. 68 Due to increased epithelial sodium losses, CF infants are at risk for hyponatremic, hypochloremic dehydration with metabolic alkalosis, which can be asymptomatic or can be characterized by anorexia, often with failure to thrive as well as fever, vomiting, irritability, and weakness. 69 The DRI recommendation for total daily sodium intake for healthy infants is 5 mEq from birth to 6 months of age and 16 mEq from 7 to 12 months of age, 70 which may be insufficient for a baby with CF. Additional sodium may be necessary for infants exposed to high environmental temperatures, including warm homes, over-bundling, or those living in a hot climate. Infants experiencing vomiting or diarrhea may require more than the maintenance amounts of sodium. The CF Foundation Consensus Report on Nutrition for Pediatric Patients 35 recommended that babies with CF should have supplemental sodium. Historically, a daily dose of one-eighth teaspoon of table salt per day, which contains approximately 12.5 mEq of sodium, has been recommended. Sodium chloride solutions are available and can be dispensed more accurately. There is insufficient evidence to change this recommendation, although to be consistent with the age-related increase in DRI, this supplemental amount should be increased in the second half of the first year to one-quarter teaspoon of salt (25.2 mEq sodium) per day, not to exceed 4 mEq/kg/day. Premeasured doses or measuring spoons, not general household spoons, should be used. The salt can be divided among the day's feedings, but parents should be instructed not to exceed the total daily dose. Serum sodium levels do not accurately reflect total body sodium; hyponatremia, if present, probably indicates significant total body sodium depletion. One prospective study, published in abstract form only, suggested that urinary sodium in relation to creatinine can be used to assess sodium status in CF infants. 71 If infants are fed human milk, some expressed milk or supplemental formula feedings may be needed to provide a vehicle for salt supplements.
Recommendation # 15 is in Table I .
Fluoride. Fluoride is a mineral that is critical for the prevention of dental caries. Vitamins that are formulated for patients with CF do not contain fluoride. Patients aged 6 months to 2 years whose community water supply contains less than 0.3 parts per million should be supplemented with 0.25 mg/day regardless of mode of feeding. 72 The primary care provider may be the best source of information about fluoridation of the local water supply.
Recommendation# 16 is in Table I .
Other Antioxidants and Fatty Acids. The newborn period may represent a unique opportunity to prevent lung damage. Some have speculated that this could be accomplished by supplementing patients with antioxidants 73 such as selenium or coenzyme Q10 or other micronutrients such as beta-carotene and essential fatty acids. There is poor evidence either for diagnosis or treatment of selenium deficiency. Patients with CF have been reported to have low serum levels of coenzyme Q10 and beta-carotene. Although supplementation can normalize these levels, 73 no deficiency state has been described and no evidence of clinical benefit has been shown. Low serum triene:tetraene ratios, reflecting essential fatty acid (EFA) deficiency, have been observed, and supplementation with linoleic acid can lead to normal serum levels in infants and older patients. 62, 74 In the one study we found that addressed the effect of dietary supplementation with EFA in infants, linoleic-rich formula led to better length but not better weight. 75 Directing parents to supplement liquids with oils rich in linoleic acid has the benefit of additional calories but also has the potential risk of lipid aspiration in very young infants. There is also a theoretical risk of an increase in the arachidonic acid pathway leading to an increase in inflammatory mediators in individuals with CF; low triene-to-tetraene ratio potentially may reflect this shunting. Because the omega-3 essential fatty acid docosahexaenoic acid (DHA) is not metabolized to arachidonate, it has been proposed that DHA supplementation could decrease inflammation in CF. A recent Cochrane review addressed the use of omega-3 fatty acids in people with CF of all ages and the authors concluded that there was insufficient evidence to recommend routine use of these supplements. 76 A clinical trial of use of a highly DHA-enriched formula, containing DHA at a level greater than is in currently available infant formulas, is ongoing but results are not yet available. 77 Recommendations # 17 and 18 are in Table I . Pulmonary Interventions. Despite major advances in care, CF remains a life-shortening disease, most often as a consequence of recurrent respiratory infection, obstruction and inflammation. Studies using infant pulmonary function tests (PFTs), chest x-rays, computed tomography (CT), and bronchoalveolar lavage demonstrate that CF lung disease begins early and often in the first few months of life, prior to obvious symptoms. [78] [79] [80] [81] Although prevention of lung disease is a major goal of CF care, evidence to support guidelines for early prevention or treatment of pulmonary disease in infants with CF is sparse. However, one firm recommendation may be made: Exposure to environmental tobacco smoke should be avoided. This may be particularly true in CF, as environmental tobacco smoke is known to have a deleterious effect on lung health in patients with CF. 82, 83 Recommendation #19 is in Table I. Airway Clearance. In the CF Foundation Pulmonary Guidelines on Airway Clearance Therapies, 84 airway clearance therapy is recommended for all patients with CF (consensus recommendation).
The evidence-based clinical practice guidelines on nonpharmacologic airway clearance therapies published by the American College of Chest Physicians also recommended airway clearance therapy as an effective technique to increase mucus clearance but noted that the effect of each treatment was relatively modest and the long-term benefits are unproven. 85 Seventeen of the 25 studies reviewed included patients with CF, but none were infants. There is no evidence evaluating the utility of routine daily percussion and postural drainage (P&PD) in infants, and scant evidence of the positive effects of acute treatment. One single visit, before-after study of 13 infants administered a bronchodilator followed by P&PD showed significant decreases in total resistive work of breathing and pulmonary resistance, but minute ventilation was unchanged. 86 Another randomized trial showed more improvement in lung function in a group of infants given P&PD in combination with albuterol and n-acetyl cysteine than those given P&PD alone. 87 The CF Pulmonary Guidelines for Chronic Medications for Maintenance of Lung Health 88 reviewed the use of b 2 -adrenergic receptor agonists in patients over 6 years of age and found the level of evidence to be good and the net benefit of treatment to be moderate, and recommended chronic use of these medicines (Grade B). In considering the unanswered question of when to initiate airway clearance, the CF Foundation Pulmonary Guidelines on Airway Clearance Therapies 84 for patients with CF of all ages stated that despite the paucity of evidence of the benefit of airway clearance therapies (ACT) in infants with CF, ''the presence of lung disease early in life is well-established and the committee feels that airway clearance, likely in the form of percussion and postural drainage, should be instituted in the first few months of life. The committee believes that there is potential benefit and little harm in teaching ACT to parents early and encouraging airway clearance to be part of the child's daily routine. In most cases, the form of ACT for infants will be P&PD.'' Recommendations # 20 and 21 are in Table I . Two crossover trials have addressed the effects of headdown positioning on esophageal acid during P&PD in infants with CF. 89, 90 In one study, 89 infants with CF had more reflux episodes than non-CF infants, and episodes were more frequent during P&PD than at baseline, although the percent of time and duration of reflux episodes was no different between the two groups. Head-down supine and prone positioning was associated with more reflux episodes than headdown left lateral decubitus positioning. A second study did not find any significant difference in the duration of lower esophageal pH falls comparing P&PD delivered in the headdown position to that delivered without head-down position, although the mean number of reflux episodes was higher in the head-down group. 90 Parents of participants in one of the cross-over studies were given the option of having their child randomized to a long-term study of either standard (head-down) or modified physiotherapy (no head-down positions). Seven of 10 participants in each group were available for 2 1 ⁄ 2 -and 5-year follow-up. 91 The methods are unclear, making the results of this study hard to interpret; however, those given modified physiotherapy had fewer days with upper respiratory tract symptoms, fewer days of antibiotics, and better pulmonary function tests and chest x-ray scores. Another article describing the same study population reported on the impact of position on reflux, arousal states, heart rate and oxygen saturation with differing results described. 92 Recommendation # 22 is in Table I. Infection Control, Surveillance, and Treatment. The initiation of CF NBS in most states in the United States as well as in other countries has created a cohort of relatively healthy young infants and children intermingling with older individuals with CF in outpatient clinics. Patient-to-patient transmission of pathogens and clonal spread of pathogens within CF centers have been increasingly demonstrated over the past 20 years. Some studies have specifically documented the spread of pathogens to young children from older patients. In one study of 56 children detected by CF NBS in Australia, 4 children were infected with a multidrug-resistant mucoid strain of P aeruginosa and died before 7 years of age. 93 This strain was shared among older, unrelated children attending the clinic as well as 3 other children in the NBS cohort. In addition, analysis of results from a clinical trial of CF NBS in Wisconsin demonstrated that intermingling of patients in a crowded CF center can be a risk factor for early acquisition of P aeruginosa. 94 Infants newly diagnosed with CF should be seen separately (eg, first appointment of the clinic session or in another location) from other patients cared for in CF clinics until adequate infection control education has been provided to the caregivers. Educational materials on infection control should be provided to families immediately after diagnosis. All care activities should be implemented in compliance with the CF Foundation Infection Control Consensus recommendations. 95 Appropriate hand hygiene and cough etiquette for healthcare providers, families, and patients should be taught and reinforced frequently (Table III) . These principles should also be emphasized in non-healthcare settings such as the home and day care. Appropriate cleaning and disinfecting of devices for inhaled medications used in non-healthcare settings should be performed after every use to prevent acquisition of potential pathogens. 95 Appropriate cleaning and disinfecting of devices for inhaled medications in healthcare settings should be implemented as described in the Healthcare Infection Control Practices Advisory Committee guidelines from the CDC. 96 Recommendation #23 and 24 are in Table I. Prevention of Viral Infections. The AAP recommendations for standard vaccinations apply to infants with CF. 97 The frequency of visits to the PCP for immunizations in the first 2 years of life offers an additional opportunity for intensive medical surveillance. Annual influenza vaccination is recommended for infants with CF $6 months of age, all household members, and all healthcare providers caring for these infants. Adherence to influenza vaccination should be monitored by the CF Center. If the vaccine is given by the CF Center, the PCP should be informed and vice versa. Household contacts and out-of-home caregivers of children with CF <6 months of age should also receive the annual influenza vaccine.
Recommendation # 25 is in Table I . Respiratory syncytial virus (RSV) may have adverse effects on respiratory status in patients with CF. 98 Palivizumab is a humanized monoclonal antibody that provides passive immunity against RSV. The AAP revised policy statement in December 2003 on the prevention of RSV infections states, ''Palivizumab .prophylaxis should be considered for infants and children younger than 2 years with chronic lung disease .'' 99 Two studies have addressed the use of palivizumab in infants with CF. A chart review of hospitalized infants found that fewer children who received palivizumab were hospitalized and their length of stay was shorter, although these differences did not reach statistical significance. 100 None of the children who were hospitalized and had received palivizumab had RSV, whereas 42% of those who did not receive palivizumab but were hospitalized were RSV positive. A report of the Palivizumab Outcomes Registry found no hospitalizations over 24 hours in length in which RSV infection was confirmed in 91 patients with CF. 101 Extrapolation of data from other populations suggests that there could be benefit from the use of RSV prophylaxis in infants with CF.
Recommendation #26 is in Table I .
Surveillance and Intervention for Bacterial Infection.
Routine surveillance of respiratory microbiology is important in CF management, and aggressive eradication regimens for newly acquired positive Pseudomonas cultures have become a routine part of care. 102 Although early acquisition of Pseudomonas is clearly associated with worse short-and long-term outcomes, [103] [104] [105] isolation of Pseudomonas or other respiratory pathogens is often not associated with a discrete change in clinical signs or symptoms.
As infants do not expectorate, cultures are generally obtained by oropharyngeal (OP) swab or endolaryngeal suction. Two studies have compared the ability of OP cultures with predict lower airway colonization. 106, 107 Both authors concluded that a positive OP culture does not reliably predict the presence of pathogens in the lower airways, but a negative culture is more helpful in ruling out lower airway infection than ruling it in. An ongoing study is comparing the outcomes at school age of infants monitored by OP cultures versus bronchoscopy, but results are not yet available (Claire Wainwright, personal communication). We conclude that OP cultures should be performed at least quarterly ( Table III) . The first culture should be obtained at the first or second visit following diagnosis. Cultures should be repeated more frequently in the presence of respiratory symptoms. Bronchoalveolar lavage may be used in individual cases as clinically indicated ( Figure 5 ). Cultures should be processed in clinical microbiology laboratories affiliated with CF Foundation-accredited care centers using the methods described in the CF Foundation Consensus Conference on Infection Control recommendations. 95 Recommendations # 27 and 28 are in Table I .
Staphylococcus Aureus. Staphylococcus aureus and Haemophilus influenzae often colonize the respiratory tract before the emergence of Pseudomonas aeruginosa. 108 According to the 2002 consensus guidelines from the UK CF Trust Antibiotics Group, ''All CF infants less than 2 years of age should receive long term flucloxacillin from diagnosis''; 109 however a Cochrane systematic review of the use of prophylactic antistaphylococcal antibiotics found a reduced frequency of isolation of Staphylococcus but no significant differences in lung function, nutrition, number of hospitalizations, or number of courses of additional antibiotics. 110 We identified one additional study that examined this same question, 111 which, along with three [112] [113] [114] of the four studies cited in the Cochrane Review, noted an increased risk of Pseudomonas acquisition in patients receiving anti-staphylococcal prophylaxis. Of note, these studies were performed before the era when eradication regimens for new acquisition of Pseudomonas have become standard care. Different results regarding increased risk of Pseudomonas acquisition may be due to use of broader versus narrower-spectrum anti-staphylococcal antibiotics, sample sizes and length of follow-up. These studies did not address the possibility of acquisition of methicillin-resistant Staphylococcus aureus (MRSA). The CF Foundation Pulmonary Guidelines on Chronic Medications 88 recommended against the routine use of anti-staphylococcal antimicrobial prophylaxis due to concerns about increased emergence of P aeruginosa and lack of demonstrable long-term benefits.
One study evaluated acute treatment of asymptomatic patients found to have Staphylococcus aureus. 115 Only three infants were included, and the success of eradication was measured at 1-week follow-up. We did not find any studies that addressed this question when the organism was methicillin-resistant. There is insufficient evidence to recommend active attempts to eradicate Staphylococcus aureus in asymptomatic infants.
Recommendations # 29 through 31 are in Table I .
Pseudomonas Aeruginosa. Early age at acquisition of
Pseudomonas aeruginosa has been shown to adversely affect long-term pulmonary disease and survival, 93, 103, 104 providing a rationale for early eradication regimens. 116, 117 Compared with infants without Pseudomonas on serial cultures, those with Pseudomonas on serial cultures had significantly more daily cough, lower chest x-ray scores, and higher levels of circulating immunoglobulins, suggesting chronic inflammation. 105 We did not identify any studies of the clinical benefits of eradication of Pseudomonas in infants <2 years of age. A randomized placebo-controlled trial is currently underway in the United States (http://clinicaltrials.gov/). Full results from a recently completed eradication trial in infants that was conducted in Europe are not yet available, but preliminary results indicate that microbiologic eradication can be achieved equally with either a 28-day or a 56-day course of nebulized tobramycin solution for inhalation (TOBI). 118 Trials of early eradication regimens in older CF patients have shown microbiologic benefit, 119, 120 and nonrandomized studies in older patients suggest clinical benefit. 121 Because of the risk of more rapid progression of lung disease, and extrapolating from studies in older CF patients, we recommend that new acquisition of P aeruginosa, (defined as initial acquisition or new acquisition after ''successful'' eradication therapy) should be treated in infants <2 years of age regardless of whether symptoms are present or not. Acceptable treatment approaches include a variety of regimens including tobramycin for inhalation, with or without ciprofloxacin, and/ or intravenous antibiotics. Infants with respiratory symptoms should be treated using regimens guided by clinical condition, respiratory culture and susceptibility results.
Anti-pseudomonal prophylaxis in infants has only been studied in one small retrospective study of inhaled gentamicin. 122 There was a significantly increased risk of acquisition of Pseudomonas after treatment was discontinued (after a mean of 42 months), whereas none of the infants who continued treatment for a mean of 79 months were found to be colonized with Pseudomonas. The CF Foundation Pulmonary Guidelines Committee in a review of chronic pulmonary therapies in older patients found good evidence and substantial net benefit of chronic anti-pseudomonal treatment in patients with moderate to severe lung disease 88 and found a fair level of evidence and moderate net benefit for use of tobramycin for inhalation to reduce exacerbations in patients over 6 years of age who are asymptomatic or with mild lung disease and with Pseudomonas persistently present in cultures of the airways. With the exception of the studies listed above for which complete results are unavailable, no primary prospective studies were found that addressed the use of this medication as a chronic therapy in patients with CF under 2 years of age. We recommend that infants who remain persistently infected with Pseudomonas aeruginosa after two attempts at eradication be treated chronically with alternate month tobramycin solution for inhalation. Recommendations # 32 through 34 are in Table I .
Surveillance for Pulmonary Disease
Pulse Oximetry. Pulse oximetry is a widely-available, noninvasive tool to monitor adequacy of oxygenation. Two Figure 5 . Care of infants with a change in respiratory status (based on consensus opinion). Change in respiratory status identified: increased cough, tachypnea, wheezing, oxygen desaturation, crackles. Clinicians should assess whether these indicate a mild or moderate-to-severe exacerbation. In most cases, significant oxygen desaturation or the presence of crackles will indicate a moderate-to-severe exacerbation.
cross-sectional studies have looked at the use of pulse oximetry as a modality to detect lung disease in infants. One found that patients with failure to thrive (FTT) and pulmonary symptoms at the time of diagnosis had lower oxygen saturation than those presenting with either meconium ileus or FTT alone. 123 Another study found that pulse oximetry in asymptomatic infants with CF was not different than in control subjects, but infants with CF and young children with mild airway inflammation such as rhinitis, cough and pharyngeal erythema developed oxygen desaturation with sleep. 124 Pulse oximetry is recommended in the infant with acute respiratory symptoms and clinicians may choose to use it routinely as a supportive method to detect lung disease. Possible clinical interventions for patients with low oxygen saturation are shown in Figure 5 , which is based on expert opinion and experience.
Recommendations # 35 and 36 are in Table I .
Chest X-Rays. Chest x-rays may detect early abnormalities, and changes in standardized scores can be seen as early as 1 year of age. 79 In one small study, the presence of consolidation on chest x-ray in children <6 years of age was shown to be correlated with peak flow measurements and survival. 125 A baseline chest x-ray should be obtained within the first 3 to 6 months and once again within the first 2 years of life. If subtle findings such as hyperinflation, peribronchial cuffing or streakiness are seen, decisions regarding further assessment and treatment may be aided by the presence of other objective measures of disease such as physical examination, pulse oximetry, respiratory cultures or nutritional variables. Abnormalities such as atelectasis or infiltrate should be treated or evaluated further ( Figure 5) . Chest x-rays should also be obtained in infants with a change in respiratory status that does not respond to basic interventions. Guidelines on standards of care developed by other organizations, such as the United Kingdom CF Trust 126 and the European Consensus Conference, 127 recommend obtaining chest x-rays annually. Recommendation # 37 is in Table I. Chest Computed Tomography (CT). Studies evaluating controlled breathing CT scans during infancy have demonstrated thickened airway walls, bronchial dilatation/bronchiectasis, as well as air trapping. [128] [129] [130] In one cross-sectional study, infants with CF who were clinically stable (without acute respiratory symptoms for at least 3 weeks before the evaluation) had thicker airway walls, narrower lumens and more air trapping on chest CT scans than infants without CF. 128 Another also demonstrated thicker airway walls as well as an increased airway lumen diameter in young CF subjects compared with controls. 129 In a different study, controlled breathing CT scans of the chest performed before and after pulmonary exacerbations revealed significant improvement in modified Brody scores especially in bronchial dilatation/bronchiectasis and hyperinflation subscores. 130 In addition, regional inflammation identified via bronchoalveolar lavage correlated with areas of worse disease identified on the CT scan. More abnormalities were identified by ultrafast high resolution CT (HRCT) scans than by chest x-rays in another study, although only 8 of 36 participants were less than two years of age. 131 However, HRCT may not be as sensitive to functional changes of early lung disease as a test of regional ventilation heterogeneity, the multiple breath washout (MBW) lung clearance index. 132 Although not widely employed, several studies have shown the utility of measuring ventilation heterogeneity in CF patients with MBW techniques. Two issues combine to make routine use of chest CT scans problematic. First, for best quality chest CT scans, infants require sedation. Second, although scanners and techniques are being developed that expose patients to lower levels of radiation, the exposure is still greater than a chest x-ray. In their 2007 review, Brenner and Hall 133 focused on the increasing number of CT scans being performed and the consequent cancer risks ''particularly in children.'' They suggested that age at exposure to diagnostic radiation matters, with much higher rates of death due to cancer in people exposed in childhood. Patients with CF likely will undergo radiologic procedures every year of their life, and their cumulative lifetime exposure to radiation will be increased if routine use of CT scans begins in infancy. There is insufficient evidence to recommend use of chest CT scans for routine surveillance, however this imaging modality may be helpful in infants with symptoms or signs of lung disease who fail to respond to basic interventions ( Figure 5) .
Recommendations # 38 and 39 are in Table I .
Infant Pulmonary Function Tests. Pulmonary function testing to detect airways obstruction is part of routine CF care in older patients, both for routine monitoring and as a measure of response to therapy. Two cross-sectional studies compared the raised volume rapid thoracoabdominal compression (RVRTC) technique with conventional rapid thoracic compression where flows are assessed from tidal breathing. Both studies reported that the RVRTC technique was more sensitive. 134, 135 Reduced forced expiratory flows and volumes have been demonstrated in infants with CF utilizing the RVRTC technique shortly after diagnosis and at follow-up 5 to 10 months later 136 even in the absence of symptoms 137 and in infants diagnosed through NBS. 80 These abnormalities have been shown to persist through the preschool years. 138 A cross-sectional study found the RVRTC technique to be equivalent to the multiple breath washout technique for early detection of airways obstruction. 139 We found 3 older studies that used whole body plethysmography to detect changes in lung function in infants with CF. [140] [141] [142] Widespread use of infant pulmonary function tests has been limited by the need for sedation, expertise in performing the technique and the need for specialized equipment. There is insufficient evidence to recommend for or against routine monitoring of infant lung function. However, sites capable of performing infant pulmonary function testing may elect to monitor lung function testing routinely, and testing may be of use in patients who are symptomatic ( Figure 5 ). As noted above, the MBW technique for determining lung clearance index 132 shows promise to detect early changes in lung function, but at present it remains a research tool. Recommendation # 40 is in Table I .
Other Chronic Pulmonary Interventions
A variety of pulmonary interventions have been shown to be associated with significantly improved pulmonary outcomes in older children and adults with CF. Despite strong evidence in older patients, 88 there is insufficient evidence in infants to recommend the routine use of dornase alfa (recombinant human DNase), 7% hypertonic saline, or chronic azithromycin. Clinical trials evaluating safety and efficacy of some of these interventions in infants and toddlers are planned. We did not specifically search for studies of ibuprofen, chronic use of b-adrenergic agonists, cromolyn, or leukotriene modifiers in CF infants. Extrapolating from data in older patients with CF, inhaled corticosteroids should not be used unless airways reactivity has been demonstrated.
Dornase Alfa (Recombinant Human DNase). A Cochrane review concluded that therapy with dornase alfa over a 1-month and 6-month period of time was associated with improved lung function in patients with CF. 143 However, none of the eligible trials in this review included children younger than 5 years of age. The CF Foundation evidence-based guidelines on chronic pulmonary medications concluded that for patients over 6 years of age, there was good evidence and a substantial net benefit of dornase alfa in patients with moderate to severe lung disease; the evidence was judged to be fair and the benefit moderate for asymptomatic patients or those with mild lung disease. 88 An open label, randomized, placebo-controlled crossover pilot study compared the use of dornase alfa with normal saline in stable infants with CF. 144 There was a mean increase in flows referenced to functional residual capacity and a trend towards improved overnight desaturation index associated with use of dornase alfa.
7% Hypertonic Saline. The CF Foundation Pulmonary Guidelines Committee found a fair level of evidence and a moderate net benefit for use of chronic inhaled 7% hypertonic saline in patients over 6 years of age. 88 Two before-after pilot studies, one identified after the completion of the evidence review, assessed single doses of 7% hypertonic saline in infants who had been pre-treated with albuterol and both found it to be safe and well-tolerated. 145, 146 Chronic Azithromycin. The CF Foundation Pulmonary Guidelines Committee found a fair level of evidence and substantial net benefit for use of azithromycin in patients over 6 years of age who were chronically colonized with Pseudomonas. 88 No primary studies were found that addressed the use of this medication as a chronic therapy in patients with CF under two years of age, although the drug is approved for acute use in infants 6 months of age and older.
Inhaled corticosteroids. The CF Foundation Pulmonary
Guidelines recommended against the use of inhaled corticosteroids to improve lung function and reduce exacerbations in patients over 6 years of age, however this review excluded studies addressing patients with asthma. 88 No primary studies were found that addressed the use of inhaled corticosteroids as a chronic therapy in patients with CF under two years of age. Inhaled corticosteroids should not be used unless airways reactivity has been demonstrated.
Recommendations # 41 through 44 are in Table I .
Future Research
Our knowledge of the best ways to care for infants diagnosed in the newborn period is hampered by a lack of good evidence in very young patients with CF. Well-designed clinical trials are the best way to close this information gap. It is easier to design clinical trials based on nutritional than respiratory outcomes: Infants grow rapidly in the first few years of life, anthropometric measures are more standardized than measures of lung health in this age group and growth measurements are included in the CF Foundation Patient Registry. As more states adopt CF NBS, a review of the baseline data from the CF Foundation Patient Registry would be a critical first step to better understand the current status of growth in the first two years of life among US infants diagnosed with CF through NBS. We set out to develop guidelines for management of infants with CF based on the best available evidence, but much of what is recommended is based on expert consensus due to lack of evidence. Health outcomes studies could be used to evaluate the optimal implementation of the recommendations and help us to learn what needs to be changed. Optimal therapeutic interventions could be evaluated using controlled clinical trial study design. Nutritional issues to be considered for clinical trials might include routine use of high-calorie formulas rather than use as an intervention for weight loss or lack of adequate weight gain, studies to answer questions related to essential fatty acid supplementation in infants, and studies of salt replacement therapy, to name a few.
Outcome measures for use in infants need further development. Anthropometric measures have been standardized and can be used in studies of nutritional interventions, but better measures of lung health are needed. All studies in infants should include development assessments and quality of life measures that are specific to patients in this age range.
Conclusion
Newborn screening offers the opportunity to significantly improve the health of individuals with CF, enabling presymptomatic monitoring and treatment when needed to prevent or delay nutritional and pulmonary decline. Although infants with CF may appear well, subtle changes occur early in life. Rigorous and careful monitoring and timely medical intervention will permit the best possible outcome for individuals diagnosed with CF in infancy. n
